The adjoint SU (2) lattice gauge theory in 3+1 dimensions with the Wilson plaquette action modified by a Z 2 monopole suppression term is reinvestigated with special emphasis on the existence of a finite-temperature phase transition decoupling from the well-known bulk transitions.
I. INTRODUCTION AND MOTIVATION
The evidence and our detailed understanding of the deconfinement phase transition in SU(N) gauge theories at finite temperature mainly comes from lattice gauge theories (LGT) formulated in the fundamental representation [1, 2] . For pure LGT the transition is associated with the spontaneous breaking of the global center Z N symmetry [3, 4] : U 4 ( x, x 4 ) −→ z · U 4 ( x, x 4 ), z ∈ Z N for all x at x 4 = fixed.
which leaves the lattice gauge action invariant but flips the Polyakov loop variables
as L F ↔ zL F . As a consequence the standard order parameter for the deconfinement transition is defined as
where the ensemble average is taken with the Boltzmann distribution represented by the lattice-discretized path integral with periodic boundary conditions for the gauge fields in the imaginary time direction x 4 . The above mentioned global symmetry breaking mechanism provides a close analogy to spin models. In particular, the universality class of SU (2) LGT is that of the 3d Ising model [5] . On the other hand the origin of quark and gluon confinement as well as of the occurence of the finite-temperature phase transition has been seen in the condensation of topological excitations like Abelian monopoles [6] and center vortices [7] .
Lattice gauge theories can be formulated in different group representations of the gauge fields, e.g. in the center blind adjoint representation. In this case (extended) vortices and Abelian monopoles are still present, but the mechanism of spontaneous Z(N) breaking is obviously not realized. Moreover, the adjoint representation LGT's at strong coupling are strongly affected by bulk phase transitions [8, 9] driven by lattice artifacts [10] . A finite temperature transition -if it exists -seems to be completely overshadowed by these bulk transitions.
Therefore, the question of universality in particular of the existence of the finite temperature phase transition remains an important issue. If the existence of this transition turns out to be independent of the group representation, then the question remains whether the driving mechanism related to the condensation of topological excitations is the same.
In the past this principally important question has been studied by several groups mainly in the case of the mixed SU(2) − SO(3) = SU(2)/Z N theory realized with the Villain 
II. SU(2) LATTICE GAUGE THEORIES WITH MIXED FUNDAMENTAL-ADJOINT ACTION
Among the "first day" lattice gauge theory models were also those with a mixture of different group representations for the plaquette contribution, e.g. for SU (2) − the Wilson-type mixed action [8] 
− the Villain-type mixed action [10]
where σ P = ±1 is an auxiliary dynamical Z 2 plaquette variable.
The non-trivial phase structure with first order bulk transitions (see Fig. 1 ) is governed by lattice artifacts: Z 2 magnetic monopoles and electric vortices the densities of which can be defined as follows (N c and N l being the number of 3-cubes and lattice links, respectively)[11]
These lattice excitations can be suppressed by modifying the action with suppression terms like [11, 16] 
For the Villain-type action the equivalence between SO(3) and SU(2) has been proven in
Tr F U P c δ(
where on the l.h.s. the twist sectors are imposed by twisted boundary conditions
. On the r.h.s. the twist sectors are dynamically encountered, under circumstances separated by large barriers.
The case T = 0 has been mostly studied with the modified Villain action but always with a non-vanishing admixture of the fundamental representation (β F = 0). Lines of a finite-T phase transition presumely of second order have been found in the β V − β F plane for λ V ≥ 1 and γ V ≥ 5 [16] . Above the finite-T transition the adjoint Polyakov line L A has been seen trapped into metastable states [14, 15] 
Jahn and de Forcrand [18] related the negative L A states to non-trivial twists. For demonstrating this they introduced SO(3) -i.e. center-blind -twist variables
The z µν 's measure the Z(2) fluxes through µν-planes. Then the state
is related to electric twist
Having these observations in mind we are going now to check and to illustrate this scenario for a center-blind modified adjoint Wilson action. We ask how to establish a finite T transition for the center-blind theory and what rôle do play the different twist sectors in this case.
III. ADJOINT SU(2) MODEL WITH Z 2 MONOPOLE SUPPRESSION
In our investigations we have considered the Wilson plaquette action with link variables
where ρ c = P ∈∂c sign Tr F U P . For β F = 0 the action S becomes center-blind If we put β F = 0 the emerging β A -λ diagram looks as shown in Fig. 3 . Phase I -which at β F = 0 is connected with the ordinary confinement phase -is characterized by a non-zero Z(2) monopole density and by twist variables (9) fluctuating close to zero. On the contrary in phase II the monopoles become suppressed and the twist variables (meta)stable at ±1.
The phase transition line has been established by studying the average plaquette, the adjoint Polyakov loop variable < L A >, the average density M of Z(2) monopoles and additionally the twist variables (9) as well as their 'susceptibility'
withz ≡ 1 3
(|z xt | + |z yt | + |z zt |).
We found out that the bulk transition line in a certain range 0 < λ < λ c (with λ c ≃ 0. 
IV. EVIDENCE FOR A FINITE-TEMPERATURE TRANSITION
We observed that for sufficiently large chemical potential λ ≥ 1.0 tunneling between twist sectors becomes completely suppressed. We decided to run the simulations in this range within fixed twist sectors (mostly the trivial one). That is, we suppress the generation or annihilation of extended vortices (up to numbers modulo two). Polyakov loop variable L F ( x) are plotted for two temporal lattice extensions in Fig. 6 . One sees that the shape of the distributions clearly changes from a phase, where they peak at zero, to a phase, where they have two symmetric maxima away from zero. The critical β A , where two maxima just occur, changes to larger values as N t is increasing from 4 to 6 in agreement with scaling. Therefore, we can conclude that a finite-temperature transition is really seen. In order to check the existence of the transition at finite T with an independent measurement we have computed also the Pisa disorder parameter [26, 27] which on the basis of the dual superconductor model [6] allows to test for a condensate of Abelian monopoles in the confinement phase. The order operator for the condensation of magnetic charges µ(t)
is defined by modifying the action at a given time-slice t by a classical Dirac monopole field insertion Φ [26, 27] µ(t) = exp(−β∆S(t)) (13) The operator can be generalized to the adjoint (SO(3)) action case. In the thermodynamic limit one expects
In practice, one measures instead
The experience for the SU(2) and SU(3) cases tells that the latter quantity exhibits a sharp dip signalling the deconfinement phase transition to be driven by the breaking of a dual magnetic symmetry.
Some of our results for the SO(3) case are collected in Fig. 7 .
The computations show that for λ = 0.7 the bulk phase transition I ↔ II is correctly localized. For increasing λ, e.g. at λ = 0.85, we see simultaneous, distinct signals for the bulk and the finite-T transitions. At even larger chemical potential (λ = 1.) we find only a signal for the finite-T transition. The localizations of the bulk and finite temperature transitions agree reasonably with those obtained with the other methods mentioned before.
The universality class of the transition to be determined e.g. via the critical indices has still to be investigated.
Having convinced ourselves that there is a finite temperature transition also in the completely center-blind adjoint SU (2) LGT we are tempted to ask whether there is a sponta- Let us consider flip operators with P ∈ SU(2) or SO(3) satisfying the conditions P 2 = ±I, P † = ±P . The only ones fulfilling these conditions are for
Let us assume the SU(2) or SO(3) fields to be Abelian (diagonal) with respect to a fixed 'isospin' n-direction, thenP applied to a given time sheet, indeed, leaves the action invariant, and the Polyakov loop is flipped to the other state (if its value is different from zero). In practice, this is realized only approximately by fixing the 3D maximally Abelian gauge (MAG) on each time slice x 4 separately. This is achieved by maximizing the gauge functional with respect to gauge transformations g, e.g. for SU(2):
The 'order parameter' is then defined as
whereL
The 'order parameter' should work as for the standard SU(2) case as well as for SO(3). We have checked this. Indeed, for SU(2) we obtained the results drawn in Fig. 8 
V. CONCLUSIONS AND OUTLOOK
We summarize our studies by drawing the phase diagram for the modified adjoint SU (2) theory at T > 0 as shown in Fig. 9 . We see the existence of a finite temperature transition decoupling from the bulk transition at a position which scales in β A as one would expect. The finite temperature transition was also localized with the help of the Pisa disorder parameter indicating that the dual superconductor scenario seems to work also for SO (3) . Whether also the determination of the free energy of an extended center vortex (see references [28, 29]) would also point to the same result remains to be seen. Our numerical study presented here is in many respects still preliminary. Larger lattices, the use of an ergodic algorithm allowing to enhance tunneling between different twist sectors and the determination of critical indices in order to determine the universality class require more extensive computations, until we can draw final conclusions.
